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NATIONALADVISORYCOMMITTEEFORAERONAUTICS

. .. u RESEARCHMEMORANDUM

TRANSONICDRAGlKIQISUREMENTSOFEIGHTBODY-NOSESHAPES

ByWillismE. Stoney,Jr.

sUMM/!IIY

Zero-liftdragdatawereobtainedon a seriesof eiglrtfin-stabilized
bodieshatingfineness-ratio-anosesanddifferingonlyinnoseshape.

.-

ThemodelswerelaunchedfromtheLangleyheliumgun(atthetesting
stationatWallopsIsland,Vs.)anddhtawereobtainedforMachnwnbers
from0.8to 1.25withcorrespondingReynoldsnwnbers(basedonbody
length)of8 x 106to 15x 106.

Theresultswerecbmparedwiththeoreticalcalculationsandwith
wind-tunnelmeasurements.Lowesttransonicdragvalueswereobtained
with
with

noseshapesdefinedby
itsvertexatthenose

theVonK&T&
tip.

optimnnsndby a parabola

INTRODUCTION

At supersonicspeedsthepressuredragof thenoseof a bodymay
be an appreciablepartof thetotaldrag. Thisisespeciallytruefor
noseswhosefinenessratiois low(lessthan5) whichmaybe necessary
forvsriousdesignconditions.Hecauseof theimportanceofnoseshape
onthedragof noses,testswereconductedon a seriesoffineness-
ratio-snoseshapesforMachnumbersfrom1.24to 3.67at theAmes
AeronauticalLaboratorysndresultswerepresentedin reference1. The
resultsshowedgoodagreementwithsecond-ordertheory(ref.2) abovea
Machnumberof 1.4. Sincetheoreticalcalculations,in genersl,either
gavepoorresultsor couldnotbe madeat allatlowerMachnunbers,
thepresenttestswereinitiatedto determineexperimentallythenose
pressuredragsinthetransonicandlowsupersonicspeedrange.The
noseshapesselectedfortesting,werechosenbecausetheyweretheresults
ofvarious“optimullcalculations,”hadshownlowdragin”thetestsat
theAmesLaboratory,orwereingeneraluse.

Thefinenessratioof 3waschosensothattheresultingdragdif-
ferenceswouldbe largeenoughtomeasureandto allowtirectcomparison
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withthedataofreference1,
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——

Thisfinenessratiois &finitelvnot )_
recommendedforlow-&agSupersonicbo~es. ‘“ .

—

Datawereobtainedfora Machnumberr~e from0.8to1.25~d a“ -u

Reynolds

The
expedite

numberrangefrom8 x 106to15x 106basedon%odylength.

dataarepresented
theirpublication.

r=

x=

2

d

Radius
Maximumradius

Distancefromnose
Totalnoselength

length

maximumdismeter

hereinwithonlybriefanal~sisinorderto”- “-” ~
--

SYMEOJS

;. =.,=.
-. .

—..-
..—~—.. =-

cd = Drag
q x Ms.ximumfrontalarea 6;

(+ = Frictiondragofequivalentflatplate
q x Wettedarea

Localpressurep. - Free-streamstaticpressure -.—-- —.—
q

q -c pressure .y- -.-- :—

MODEISANDTESTS

Thetestconfigurationsareshowninfigure1, andjhotographsof
allthemodelsarepresentedin figure2. The.basiccozifiguration
(fig.l(a))behindthenosesectionwasthesameforall-models.The
nosesectionwasfoUowedby a cylindrical.sectionof Z/d= 4 to
whichwasattacheda conicalafterbodyof Z/d= 5. The modelswere
madeofwoodandthefinswereal~nmo

●

�✎

.?4

- --~-. . .. ,.- .,.-:---
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Thenoseshapestestedwerealloffinenessratio3 andmaycon-
venientlybe dividedintothreegroups(fig.l(b)).

PowerSeries

Thesenoseshapesaredefinedby theequation

r= ~n

Thethreenosesofthepowerserieshadvalues
Notethatfor n = 1/2 theequationdescribes
vertexat x = O.

ParabolicSeries

(Osxsl)

of n = 1, 3/42and1/2.
a parabolawiththe

Thesemeritiansaredefinedby theequation

=2r==-
2 -K

Threenosesof theparabolicserieshavingthefollowingvaluesof K
weretested.Theconemayalsobe consideredamemberof thisfamily
withK=O

Parabolic
K=l.

K = 0.75

K = 0.5
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HaackSeries

ThemeridiansoftheHaackseriesare

&
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-.

definedas follows

where

@ = CoS-l(1 - 2x) (Osx$l)

Twonoseshavingthefollowingvaluesof C were@steal:

VonK&m&
co=

L-VHaack
c = 1/3

TheVonK&m&n noseisalsocalledtheL-DHaacknoseinreference1.
ThelettersL-DandL-Vreferto theboundaryconditionsforwhichthe
dragwasminimized.Theformersignifiesgivenlengthtiddismetersmd
thelattergivenlengthandvolmne..

ThemodelswerefiredfromtheLsngleyheliumgun(atthetesting
stationatWallopsIsland,Vs.)whichis describedinreference3 and
thedatawerereducedinthemannerdescribedinreference4. Data
wereobtainedovera rangeofMachnumbersfrom0.8to 1.25 andfor

Reynoldsnumbers(basedonbodylength)between8 x 106and15x 106.

Theaccuracyofthedataasesthatedfromemeriencewithuevious
modelsis ofthf-orderof *0.008intotal ~- and-i0.005in M.”—

RESULTSANDDISCUSSION

Total-ConfigurationDrag

Thedragcoefficientsforthetestconfigurations
a functionofMachnumberin figure3. Alsoshown~e
body-plus-fin-frictiontiagcoefficientscalculatedby

arepresented
values ofthe
themethodof

as

c
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VanDriest(ref.5)assuming
Thedifferencebetweenthese

-—

5

cmpletelyturbulentboundary-layerflow.
frictionvaluesandthesubsonic(M= 0.8)

total-dragcurvesis aboutthessmeforallmodels (Cd= O.025)except
fortheconicalnosebody. Thisconstantdifferencemaybe attributed
tobasepressuredragandtobodypressuredragcausedbythecutoff
base. Thedragdifferencenotedindicatesbasepressurecoefficients
of theorderof P = -0.13andthusclosetothevalueof P = -0.125
obtainedon thebaseofa cylindricalafterbody(ref.6). This isrea-
sonablesincethepresentafterbodyislonganditsslopeis smsll
(1.630). Thehighersubsonicdragoftheconicalmodelmaybe dueto
additionalpressuredragcausedby thesharpangle(9.”h8°)atthenose-
cylinderjuncture.It isreasonableto assumefromtheshovecompari-
sonsthatallthemodelshadturbulentboundary-layerflowthroughout
thetestMachnmber range.

In ordertopresent
generaluseandto allow

NosePressure Drsg

thetestresultsin
comparisonwiththe

a formmoreapplicableto
dataofreference1, it is

necessaryto separatethenosepressuredragsfromthedragsof the
totalcotiigurations.Thenosepressuredragsobtainedaredirectly
applicableto thedragof suchnoseson anybodyshapeat supersonic
speedsalthoughtheireffectontheflowfieldovertheafterbodymust
be consideredin a total-dragestimation.At trsasonicandsubsonic
speedstheisolatednosedragsderivedhereinwillbe correctonlyfor
bodieswhichapproximatethetestconfiguration.

In orderto obtainthesenosepressuredragsthefollowingassump-
tionsweremade. Thesepertainto theconditionsat supersonicspeeds.

(1)Thedifferentpressurefieldsofthevariousnoseshapesdonot
appreciablyaffectthepressuredragsof theafterbody,fins,orbase.
Thisrelativeindependenceoftheafterbodypressuresappearsreasonable
fromthelinearcalculationsof reference7 sincethenoseis separated
fromthesfterbodyandtailby a fineness-ratio-lcylinder.Theeffect
on totalhag of evenlargepercentagechangesinfinpressuredrag
wouldbe smallsincetheirisolatedpressuredragisof theorderof
7 percentofthetotalsupersonicdrag.

(2)Thesumoftheafterbody,fh, andbasedrags,whichhasbeen
assumedthessmeforallmodels,maybe obtainedby subtractinga known
nosepressuredragfromanyofthemodels.Thetaredragcoefficient
soobtaineddoesnotvaryappreciablywithMachnmnberinthesupersonic
range.

Thetaredragpresentedinfigure4 isequalto thesumofthe
afterbody,fin,andbasepressuredrags.Thevalue at M . 1.2 was

.—
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obtained-bysubtractingfromthetotaldragthesumofthecalculated
frictiondragandthepressuredragfortheconeobtained.bythetheo-
retical.calcdationsofreference8. Thesubsoniclevelwasassumedto
be theconstantvalueof0.025shownpreviously.Thecurvewascorn-:
pletedby fairingthe M = 1.2 valuetopeak-draganddrag-riseMach
numbersestimatedfromthedataobtainedwitha cohfi~ationhaving
thesamefineness-ratio-5afterbodyasthepresentrnode~sbutheaded
by a fineness-ratio-7.13parabolicnose(ref.4). Thevalueofthe
taredragat M = 1.2 obtainedintheabove~r ag~~edwe~ with ~
thatobtainedfromthisreferencebody.

Thetaredraghavingbeendetermined,theprocedui>wasreversed.“
andthenosepressuredragswereobtainedforallthen“oses”tested.
Theresultingdragsareshowninfigure5 attachedtoandcomparedwith
thehigherMachnumberdataofreference1 ahdwiththe-theoretical“-
valuesobtainedby themethodofreference2. Theline;sconnectingthe-
datafromreference1 havebeenfairedandin somecasesrepresenta
compromisebetweenthetwosetsofdata.

-.agreemeatofthedataobtainedinthepresent~testswith’those
ofreference1 iswithinthecombinedaccuracyofthetwotesttech-
niquesforallmodelswiththeexceptionofthe xl/2 body.me agree.

mentoftheparabolicserieswiththesecond-ordertalc--fiationsofref-
erence2 appearstobe qtitegoodalso.

Thedragcoefficientsshownarebasedonthemaximtifrontslarea.
To alloweasyestimationsoftherelativeeffectof the‘variousnose
shapesonthefrictiondragandonthedragperunitvo~tie,thenon- ‘“’
dhensionalfactorsobtainedfromthefollowingeqwtiox arepresented~_
.inthesubsequenttable.

-.. -._.. —.

cDf 1—— =
rCf 42/d O

rdx

Volume
.1

— =
J

r2dx
fid22/4 O

(1)

Forbodiesofnormalfinenessratiotheexpression-ofeqution(1)
givessubstantiallythessmenumbersasthemoreusualequation

CDf_Wetted.are&.. .
Cf Frontalarea

----- —.
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* Equation(1)is,however,thecorrectoneinthatit sw onlythedrag
componentsofthefrictionforce,whereastheotherincludesthosecom-

b ponentsnormalto theaxisof symetryaswell.

Thenonmnsional factorsdeterminedby theaboveeqmtio~ are:

cDf 1
Noseshapes Volmne——

Cf &2/d tid2@+

cone 0.500 0.333
~3/4 .571 .Mo

/xl 2 .667 .5W
Parabolic .667 .534

$ .600 .445

Lp
2 .556 .393

L-VHaack .700 .562
VonK&mdn .653 .500

CONCLUDINGREMARKS

Thepresentresultstogetherwiththeresults-ofNACARMA52H28—

indicatethattheVonK&&n andthe &/2 noseshavethelowestdrag

overmostoftheMachnumberrange (M= 0.8to 2). Whilethe @/2 nose
apparentlyhada lowinitialdragrise,itsdragcontinuesto riseslowly
overmostoftheMachnumberrangeshown.Thisapp~ar;tobe a result
of itsextremelybluntapex. ThedragofthevonKarman

—
nosehowever

peaksat aboutM = 1.4,afterwhichMachnmber it decreaseswith
increasingM. Thischaracteristicofdecreasingdragcoefficientat
highsupersonicMachnumbersisalsoshownby the /x3 4 nose.

(/
Infact

thisnose x3 4,approximatescloselythatderivedformin3mumhypersonic
dragforgivenlengthanddiameter(seeNACARMA5~8) ~d it isin*r-
estingto notethatinthelimitas x ~0 theeqyationforthe
VonK&m&n noseapproachesr = /x3 4 (wherer istheratioof radius
tomaximumradiusand x istheratioof thedistancefromthenoseto
totalnoselength).TheVon* nosehasthefurtheradvantageof
fairingsmoothlyintothebodybehinditwhichapparentlyisa factor
in obtaininglowsubsonicdragandhighdrag-riseMachnumbers.It
alsoseemsreasonableto assumethatthisfactorwouldalsotendto
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reducetheinterferencedragofthenoseonanafterbodyin comparison
withnoseshavingfiniteslopesatthenose-afterbo~juncture.

ThesetestsofnosesoftLnenessratio3 arenotintendedto hply
thatthisfinenessratiois considereda goodonefromthepointof
viewof10Wsupersonicdrag.Theeffectoffinenessratioonthecom-
parativeresultsof these nosesisnotknown;however,titappearsrea-
sonableto assumethat,forthelowfinenessratioswherethepressure
dragwillbe fairlyhigh(finenessratioofapproximately5 or 6),the
comparisonsmeasuredhereata finenessratioof 3 willbe essentially
correct;abovefinenessratiosof 5 or6,thepressuredragbecomes
lessimportantsndsoprobablydoesnoseshape. — —. —

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LsngleyField,Va.,November3,1953.

@
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Figure1.-Testconfigurations.
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Figure3.-Total-confi~ationdrsgcoefficients.
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Figure3.- Concluded.
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Figure 5.-Nose pressure drag coefficients.


